The discrimination of an /r/-/l/ speech continuum presented in an isolated monosyllabic context has been studied by a number of researchers. However, when one considers normal listening environments, it is unusual for people to hear syllables in isolation. In the present research, we investigated whether the characteristics of the discrimination performance for a /ra/-/la/ continuum presented under the isolated condition are also observed when the continuum is presented under nonisolated conditions, or more ordinary listening conditions. Two nonisolated conditions were employed: 1) the continuum was presented within a sentence, and 2) the continuum was preceded and followed by pure tones. Experiments revealed that the discrimination performance under condition 2) was similar to that under the isolated condition; however, the performance under condition 1) was different from those under the other conditions. The research suggests that the characteristics of the discrimination performance under nonisolated conditions are not necessarily identical to those under the isolated condition.
INTRODUCTION
Phonetic categories can be distinguished by variations in acoustic parameters, e.g., formants, voice-onset time, and rise time. English /r/ and /l/ in onset positions, for example, are distinguished by the characteristics in the transition of the third formant (F3) (see [1] for a review). The F3 transition of /r/ shows an upward movement from low frequency to high frequency. On the other hand, /l/ has a slightly downward movement, or an almost straight trajectory.
According to previous studies, a listener's perception suddenly changes from /ra/ to /la/ (or /la/ to /ra/) at a certain point in a synthesized continuum, where only F3 transitions are varied from a /ra/ configuration to a /la/ configuration in equal steps [1] [2] [3] [4] [5] . Such a point is called the categorical boundary in the present study. When a listener attempts to discriminate between one syllable and another along a /ra/-/la/ continuum on the basis of only the variation in F3, it is considered that the listener's discrimination performance becomes most accurate for the syllable pairs that cross the boundary. For the other pairs, it is low, or almost at chance level. Many researchers have demonstrated such characteristics of the discrimination function for an /r/-/l/ continuum in line with categorical perception [2] [3] [4] [5] .
In previous research, listeners' discrimination performance was investigated using monosyllables in isolation. However, under ordinary listening conditions, it is rare that people hear a syllable under a completely isolated condition without any sounds around it. Thus, the question behind the current research is whether the characteristics of the discrimination performance obtained for continuous syllables in isolation are also observed when the syllables are presented in a more ordinary listening environment, or under nonisolated conditions. Under the nonisolated conditions here, the target /ra/-/la/ continuum is preceded and followed by sounds.
Two nonisolated conditions were prepared for the current research: 1) a sequence of speech sounds precedes and follows the target /ra/-/la/ syllables (Speech Condition), and 2) 1 kHz pure tones precede and follow the same target syllables (Nonspeech Condition). In Experiment 1, we first examined English native speakers' discrimination performance of a /ra/-/la/ continuum presented in isolation (Isolated Condition). In Experi-ment 2, we investigated the discrimination of the same continuum presented under nonisolated conditions.
MATERIALS 2.1. Synthesizing /ra/-/la/ Continuum
For the present research, the English /ra/-/la/ continuum with a ten-step variation in the F3 transition was synthesized.
The ten-step continuum was synthesized using the XKL [6] , originally designed by Klatt and Klatt [7] . The continuum was created on the basis of a male speaker's utterance from the TIMIT corpus (speaker ID: MKAM0) [8] . First, we decided parameter values for the first three formants, i.e., F1, F2, and F3, for the steady states of /a/ in the /ra/-/la/ continuum. For the steady-state values, the frequency values of F1, F2, and F3 were obtained from the vowel [2] in ''pronunciation'' in the following sentence uttered by the speaker: ''Clear pronunciation is appreciated'' (sentence ID: sx236). The formant frequencies were obtained from this particular token because the same sentence spoken by the same speaker was used for the Speech Condition (see the following section for details). For F1, F2, and F3, frequencies were measured at several equidistant points in the selected part of the vowel, and the values at these points were averaged. The obtained values of F1, F2, and F3 were 670 Hz, 1,357 Hz, and 2,788 Hz, respectively (Fig. 1) . Figure 1 indicates a schematic representation of the formant trajectories in the synthesized stimuli. In the present research, only the F3 transition was varied. Thus, the transitions of F1 and F2 were fixed throughout the continuum. The F3 transition was decided using the data provided by MacKain et al. [5] (see also [9, 10] ). The starting frequency of F3 varied from 1,609 Hz (/ra/ configuration) to 2,827 Hz (/la/ configuration) in ten nearly equal steps (Step 1 through Step 10). In addition, the values at the inflection ( Fig. 1) were also varied in ten steps from 1,717 Hz to 2,827 Hz. These values were again based on the data from MacKain et al. [5] (see also [9, 10] ). During the transition period, F3 of each step at 0 ms rose linearly to the value of the corresponding step at the inflection; then, the value at the inflection increased or decreased linearly to the steady state.
The transitions of F1 and F2 were fixed referring to a preliminary experiment [9, 10] (see Appendix). Because characteristic changes in F1 and F2 also contribute to the perception of the /r/-/l/ contrast to some extent [4] , fixed transitions were set to be as ''neutral'' as possible. That is, it was preferred that the F1 and F2 transitions do not cue /ra/ or /la/ in particular, so that the F3 transition is the only cue for the contrast. The transitional cue in F1 is temporal, whereas that in F2 is spectral [4] . On the basis of the findings of the preliminary experiment, the starting frequency of F1 at 0 ms was set to 376 Hz and its transition was decided to start at 35 ms. During the transition period, the value of F1 rose linearly from 376 Hz to 670 Hz. For the F2 transition, it was decided that F2 would start from 1,299 Hz at 0 ms, and the value increased linearly to the steady-state value.
The values of the fourth and fifth formants, i.e., F4 and F5, were set to the default values of the synthesizer (3,250 Hz and 3,700 Hz, respectively). These values were fixed throughout the continuum without any transitions. In addition, F0 was extracted from the word ''pronunciation'' in the original sentence and reflected in each of the synthesized syllables. First, the original F0 was sampled at 25 equidistant time points. Next, the number of F0 values was reduced to five by averaging every five values. The obtained five averaged values were used as F0 at the first five of six equidistant time points that were 70 ms away from each other in a synthesized syllable. The value at the sixth point was the same as that at the fifth point. The original F0 was approximated to minimize the unnaturalness when a syllable was inserted into a sentence in Experiment 2 (see Sect. 2.2 for details).
Each of the synthesized syllables had 100 ms rising and falling periods of amplitude. The rising and falling periods are omitted from Fig. 1 . The amplitude in the rising period was changed linearly from 0 dB at 0 ms to 60 dB at 100 ms by adjusting the parameter, ''amplitude of voicing (AV)'' of the synthesizer. Using the same parameter, the amplitude in the falling period was also changed linearly from 60 dB to 0 dB in 100 ms. During the rising and falling periods, stimuli had formant values at 0 ms and at 150 ms, respectively (Fig. 1) . The total duration of each of the continuous syllables was 350 ms. Digital outputs from the synthesizer (16-bit resolution and 10 kHz sampling rate) were converted to 16-bit resolution and a 16 kHz sampling rate.
Syllables under Nonisolated Conditions
Two nonisolated conditions were adopted: 1) Speech Condition and 2) Nonspeech Condition.
A sequence of speech sounds for the Speech Condition was selected from the sentence produced by MKAM0: ''Clear pronunciation is appreciated.'' For the experiment, the word ''pronunciation'' was deleted from the original sentence, i.e., ''Clear is appreciated,'' and the /ra/-/la/ syllables were embedded into the blank portion of the sentence, e.g., ''Clear /ra/ is appreciated'' ( Fig. 2(a) ). To avoid co-articulatory effects, we tapered the offset of the word ''clear'' until a bilingual speaker of English and Japanese could not detect the following /p/ for the word ''pronunciation'' in the original sentence. Each syllable in the ten-step continuum was presented under the Speech Condition (see Experiment 2 for details). Syllable steps presented under the Speech Condition were called SStep 1, S-Step 2, . . . , S-Step 10.
For the Nonspeech Condition, a 1 kHz pure tone was employed to precede and follow the continuous syllables. As illustrated in Fig. 2(b) , pure tones virtually replaced the sequence of speech sounds under the Speech Condition. Thus, the lengths of the pure tones preceding and following a syllable matched the length of the word ''Clear'' and that of the phrase ''is appreciated'' under the Speech Condition, respectively. The pure tones took 50 ms to fall before the onset of an embedded syllable and 50 ms to rise after the offset of the syllable. Syllable steps under the Nonspeech Condition were called NS-Step 1, NS-Step 2, . . . , NS-Step 10.
EXPERIMENT 1
Experiment 1 was conducted to examine listeners' discrimination performance for the continuum under the Isolated Condition.
Stimuli
The /ra/-/la/ continuum synthesized in Sect. 2.1 were presented in isolation. Under this condition, each syllable was preceded and followed by a 100 ms silent period (Fig. 3 ).
Listeners
Two groups of native speakers of English were recruited for the experimental tasks: one group was recruited for an identification task, and the other was recruited for a discrimination task.
One group (Group 1), which consisted of two listeners (1 male, 1 female) with normal hearing, participated in the identification task. The listeners were both from the United States. Their ages were 21 and 22 years (mean: 21.5 years). Both of them had been residing in Japan for 3 months at the time of the experiment.
The other group (Group 2) consisted of nine native speakers of English with normal hearing (6 males, 3 females). They participated in an AXB discrimination task. Eight of them were from the United States, and one of them was from the United Kingdom. Their ages ranged from 20 to 21 years (mean: 20.7 years). They had been residing in Japan for 3 to 11 months at the time of the experiment (mean: 4.1 months).
Procedure
Stimuli were presented using the Praat software [11] . All stimuli were presented diotically via Sennheiser HDA 200 headphones at a comfortable listening level for the participants. 
Identification
The identification task took the form of a twoalternative forced choice (2AFC). Thus, in the identification task, listeners in Group 1 were asked to choose if the presented syllables were ''ra'' or ''la.'' The listeners heard ten repetitions of the ten synthesized syllables (10 stimuli Â 10 repetitions = 100 judgments). Stimuli were presented once, and listeners could not replay the stimuli. Stimuli were presented randomly to the listeners. A short practice task was assigned to the listeners prior to the experimental task. No feedback was given during the practice or the main experiment.
Discrimination
In the AXB discrimination task, synthesized syllables were paired such that each pair (AB) differed by two steps in the continuum, i.e., Step 1-Step 3, Step 2-Step 4, . . . ,
Step 8-Step 10. Listeners in Group 2 were instructed to judge if the second syllable (X) matched the first (A), or the third (B). Listeners gave their responses by clicking on buttons labelled ''first'' and ''third'' on the screen. Paired stimuli were arranged into four permutations (AAB, ABB, BAA, and BBA). There were three repetitions of each presentation. Thus, listeners made 12 judgments for each pair. The total number of judgments was 96 (8 pairs Â 4 presentations Â 3 repetitions = 96 judgments). The AXB presentations were random. The inter-stimulus durations between A and X, and also between X and B, were 300 ms. The 300 ms interval was also used for AXB tasks under nonisolated conditions (Experiment 2). It has been shown that the discrimination performance is most accurate when the interval is set to around 300 ms [12] . Thus, the 300 ms interval was considered to be reasonable for discrimination tasks that require the use of working memory, such as the tasks in the current research. In Sect. 5 we discuss the effectiveness of the 300 ms interval in the current experiments.
For the purpose of familiarizing the listeners with the task, a short practice session was performed before the main experimental task.
Results

Identification
The averaged responses of /ra/ and /la/ over the two listeners are shown in Fig. 4 . The figure shows an S-shaped curve. The number of /ra/ responses dropped from 75% at Step 4 to 55% at Step 5. From Step 6, the number of /ra/ responses decreased and the number of /la/ responses increased. Thus, the continuum was perceptually divided into two categories, and the boundary seemed to be at around Step 5.
Discrimination
The percentage of correct responses was averaged over the nine listeners. Figure 5 shows the averaged correct rate at each step. As indicated in the figure, there was a peak in the discrimination performance for the pair 4-6.
In order to assess whether the discrimination performance for the pair 4-6 was significantly better than those for the other pairs, we compared the correct rate of the pair 4-6 and those of the other pairs. For statistical analysis, we grouped the stimulus pair(s) as 1) the central pair (the pair 4-6), 2) the /ra/-side of the polar pairs (the pairs 1-3, 2-4, and 3-5), and 3) the /la/-side of the polar pairs (the pairs 5-7, 6-8, 7-9, and 8-10). The ANOVA with repeated measures revealed the main effect of the group (Fð2; 16Þ ¼ 7:57, p ¼ 0:005). A post hoc multiple comparison with the Bonferroni correction revealed that the difference between the central pair and the /ra/-side of the polar pairs was significant (p ¼ 0:009). The difference between the central pair and the /la/-side of the polar pairs was also significant (p ¼ 0:028). Thus, the discrimination performance was significantly better for the pair 4-6.
Discussion of Experiment 1
It is important to note that the pair 4-6 was assumed to be the pair crossing the categorical boundary, i.e., Step 5 ( Fig. 4) . That is, the discrimination performance was best when each syllable in the pair belonged to different phonetic categories. Such characteristics of the discrimination performance are consistent with the previous findings (for example, [3] [4] [5] ), showing a typical pattern of the discrimination function as introduced in Sect. 1.
EXPERIMENT 2
In Experiment 2, we investigated the discrimination performance under two nonisolated conditions.
Stimuli
S-Step 1 through S-Step 10 and NS-Step 1 through NSStep 10 were used as stimuli.
Listeners
The listeners were those in Group 1 and Group 2. However, one of the nine listeners in Group 2 was different from the one who participated in Experiment 1. The new participant was a 29-year-old female from the United States who had been residing in Japan for ten months at the time of the experiment.
For Group 1, Experiment 1 and Experiment 2 were held on the same day. For Group 2, Experiment 2 was carried out after Experiment 1 on a different day.
Procedure
The equipment used and basic procedure were identical to those of Experiment 1. Thus, only details that are specific to Experiment 2 are presented below.
Identification
Firstly, listeners identified the syllables under the Nonspeech Condition (NS-Step 1 through NS-Step 10). Under this condition, the listeners were asked to judge if a syllable appearing between pure tones was ''ra'' or ''la.'' The listeners heard ten repetitions of the ten syllables under the Nonspeech Condition (10 syllables Â 10 repetitions = 100 judgments).
Next, the listeners were presented with the stimuli of the Speech Condition (S-Step 1 through S-Step 10). In this task, the listeners were told that they would hear a syllable (xx) in the following form, once: Clear xx is appreciated. The listeners were then instructed to label the syllable in the sentence as ''ra'' or ''la'' by clicking the corresponding button on a screen. Ten repetitions of the ten syllables were presented to the listeners (10 syllables Â 10 repetitions = 100 judgments). No feedback was given in either task.
Discrimination
Group 2 participated in a discrimination task under two nonisolated conditions. The first task was to discriminate the syllables under the Nonspeech Condition. In the instructions, listeners were told that they would hear a syllable between tone sounds (Fig. 2(b) ), and that they would hear such a sequence three times. Next, they were instructed to judge whether the syllable in the second sequence (X) was more similar to that in the first sequence (A) or to that in the third sequence (B). There were three repetitions for each presentation, making a total of 96 judgments (8 pairs Â 4 presentations Â 3 repetitions = 96 judgments).
The second task was to discriminate syllables under the Speech Condition. Under this condition, an experimenter told the listeners that they would hear a sentence containing a syllable (xx) in the middle, i.e., Clear xx is appreciated, three times ( Fig. 2(a) ). Then, they were requested to judge whether the syllable in the second sentence (X) sounded more similar to that in the first sentence (A) or to that in the third sentence (B). As in Experiment 1, the interstimulus durations were 300 ms. The length of the intervals was set to be identical to that in the preceding experiment because 300 ms was considered to be reasonable for discrimination tasks. Other experimental conditions were the same as those in the discrimination task under the Nonspeech Condition, including the total number of judgments.
Results
Identification
Responses of /ra/ and those of /la/ were averaged over the two listeners for the Nonspeech Condition (Fig. 6 ) and Speech Condition (Fig. 7) . For the Nonspeech Condition, the /ra/ responses dropped from 70% at Step 5 to 35% at Step 6. In other words, in Step 6 and subsequent steps /la/ was heard rather than /ra/ by listeners. Thus, it is suggested that the categorical boundary is located between
Step 5 and Step 6 under the Nonspeech Condition. Also, under the Speech Condition, the /ra/ responses dropped from 65% at Step 5 to 30% at Step 6. Thus, in Step 6 through Step 10, /la/ was also heard under this condition. Therefore, a categorical boundary was assumed to exist between Step 5 and Step 6 also under this condition. Figure 8 shows the averaged correct rates of syllable discrimination under the Nonspeech Condition (solid line) and the Speech Condition (dashed line). Firstly, when the continuum was presented under the Nonspeech Condition, listeners' discrimination of the central pairs, i.e., the pair 4-6 and the pair 5-7, was more accurate than that for the polar pairs. These central pairs were the pairs that crossed the categorical boundary, which was indicated to be located between Step 5 and Step 6 from the identification results (Fig. 6) . Thus, in order to assess the discrimination performance of the pair crossing the boundary, the stimulus pairs were grouped as follows: 1) the central pairs (the pairs 4-6 and 5-7), 2) the /ra/-side of the polar pairs (the pairs 1-3, 2-4, and 3-5), and 3) the /la/-side of the polar pairs (the pairs 6-8, 7-9, and 8-10). The ANOVA with repeated measures revealed the main effect of the group (Fð2; 16Þ ¼ 6:95, p ¼ 0:007). In addition, a post hoc multiple comparison with the Bonferroni correction showed that the percent correct for the central pairs was significantly higher than that for the /ra/-side of the polar pairs (p ¼ 0:038). Additionally, it was also higher than that for the /la/-side of the polar pairs (p ¼ 0:049).
Discrimination
When the same syllables were perceived under the Speech Condition, on the other hand, the discrimination performance was constantly low, indicating no peaks of performance. Similarly to under the Nonspeech Condition, the categorical boundary under the Speech Condition was shown to be located between Step 5 and Step 6 (Fig. 7) . Thus, for the statistical analysis, the stimulus pairs were divided into three groups in the same manner as under the Nonspeech Condition. Results of the ANOVA with repeated measures indicated that the percent correct was not significantly different among the three groups (Fð2; 16Þ ¼ 0:215, p ¼ 0:809).
Discussion of Experiment 2
The discrimination function under the Nonspeech Condition appears to be similar to the discrimination function under the Isolated Condition (Experiment 1). Under the Isolated Condition, listeners' judgments were most accurate for the central pair, i.e., the pair 4-6 (Fig. 5) , which crossed the categorical boundary (Fig. 4) . Thus, the discrimination function under the Nonspeech Condition and that under the Isolated Condition were similar to each other in the sense that the percent correct increased for the pairs crossing the categorical boundary.
On the other hand, under the Speech Condition, the discrimination performance was consistently low, indicating no peaks for any stimulus pairs. This suggests that a listener's performance of syllable discrimination under the Isolated Condition is not retained when the syllables are presented in a sentence.
DISCUSSION
In the present research, we investigated whether discrimination functions of a /ra/-/la/ continuum presented under the nonisolated conditions had the same characteristics as the function for the same continuum presented in isolation. Through two perceptual experiments, we found that the discrimination functions differed depending on the condition. Concretely, the discrimination function peaked, as under the Isolated Condition, when a target syllable was surrounded by nonspeech sounds (Nonspeech Condition). On the other hand, the function was rather flat and showed no specific peak of discrimination accuracy when the syllable was inserted into a sentence (Speech Condition).
In this section, we mainly discuss the reason why we observed no peak under the Speech Condition. As demonstrated by the results of the current experiments, the identification results in the case of the Speech Condition did not differ greatly from those in the case of the Isolated Condition or the Nonspeech Condition. The only difference was the appearance of a discrimination peak. According to the previous studies, especially those concerned with categorical perception, a discrimination function is thought to be predicted by an identification function on the basis of the following assumptions: 1) stimuli are perceived by listeners in accordance with the category labeling, and 2) listeners use the same labeling in both identification and discrimination tasks [2] [3] [4] [5] . These assumptions imply that listeners discriminate stimuli after labeling them. Furthermore, it is also implied that listeners are able to discriminate stimuli only when they assign different labels to the stimuli. The ability to discriminate stimuli that have different labels appears as a peak in a discrimination function. Thus, a discrimination function is predicted to have a performance peak for the stimulus pair that crosses the categorical boundary, as indicated by the identification results. In the case of the Nonspeech Condition, as well as the Isolated Condition, the discrimination function indicated a peak at the central pair(s) that crossed the boundary, as indicated by the results of the identification task. This suggests that, although the participant groups were different in each task, listeners used category labeling during discrimination tasks under these conditions. Under the Speech Condition, however, the discrimination function did not peak at the cross-boundary stimulus pairs. This suggests that under the Speech Condition, listeners were able to label the stimuli but they were not able to use the labels in the discrimination task. According to the results of previous studies, it is not rare to obtain no peak for a discrimination function when listeners are not able to label the stimuli. For example, a discrimination function does not peak when listeners try to discriminate nonspeech stimuli that do not have known labels ( [3, 13] , among others). In such cases, stimuli are not even labeled; thus, it is considered that these stimuli are perceived noncategorically. However, since the synthesized syllables in the current study were labeled in the identification task, the function without a peak under the Speech Condition should not be interpreted as evidence of noncategorical perception. Rather, it is more likely that one of the characteristics of categorical perception may be hidden under this condition.
The difference in the discrimination results can be explained by automatic speech processing (ATP). Although details of this processing are still unknown, many scholars believe that speech is processed automatically so that listeners cannot refrain from comprehending words and sentences spoken in their native language ( [13, 14] , among others). ATP may include the observation of acoustic characteristics and the comprehension of meaning. When ATP is triggered, it becomes difficult for listeners to ignore incoming speech. Thus, under the Speech Condition, listeners may involuntarily start analyzing not only the target syllables that they must focus on, but also the carrier sentences that they do not have to attend to.
If ATP is triggered by the reception of speech sounds, the perceptual burden in an AXB discrimination task under the Speech Condition must become particularly high. Under the Speech Condition, on the basis of the assumption of ATP, the word ''clear'' in a stimulus sentence, i.e., ''Clear /ra/-/la/ is appreciated'' (see also Fig. 2(a) ) must be the first sound to be processed. The analysis of the target /ra/-/la/ syllable subsequently follows. Finally, the analysis progresses to ''is'' and ''appreciated,'' which constitute the rest of the sentence. Note here that such a process of speech analysis is behind the actual presentation of speech stimuli. Therefore, listeners must analyze speech perceived a short time ago and receive new speech at the same time (analysis overlap). The problem of analysis overlap in a discrimination task under the Speech Condition is that it takes up a listener's working memory during the whole of the AXB presentation. In the AXB discrimination task, three stimulus sentences were presented with relatively short intervals, i.e., 300 ms. The 300 ms stimulus interval may be appropriate under conditions where ATP is not triggered by the surrounding context, i.e., the Isolated Condition and Nonspeech Condition. However, it may not work efficiently when ATP is involved, i.e., the Speech Condition. That is, if the interval is too short under conditions that trigger ATP, listeners may encounter a new sentence before completing the analysis of a target syllable in the preceding sentence. As a result, listeners may become occupied with ongoing speech processing during the AXB task so that they do not have sufficient capacity for discrimination based on assigned labels. In this sense, the perceptual burden under the Speech Condition must have been higher than that under the the other conditions. Therefore, it is possible that the high perceptual burden caused by ATP influenced the use of labels in discrimination under the Speech Condition.
In contrast, ATP may have not affected the results of the identification task under the Speech Condition because there was no following sentence corresponding to X or B, unlike in the discrimination task. In other words, listeners were able to make judgments after completing the analysis of a presented sentence in the identification task.
If analysis overlap is the main cause of the results obtained under the Speech Condition, it is suggested that listeners may be able to compare the labels of target syllables if the analysis of speech in the preceding presentation does not overlap the reception of speech in the following presentation. In the present study, the stimulus interval was 300 ms, which may have been too short. In future experiments, it will be necessary to clarify whether or not a discrimination peak is obtained under the Speech Condition when the interval is sufficiently long.
In addition, in the present study, the target syllables were nonsense monosyllables. Thus, lexical knowledge could not help a listener remember the target syllables. Instead, the listener may have had to rely solely on working memory for discrimination, but this may not have been possible with their working memories already being fully used for the ongoing speech processing. It may be easier for listeners to retain the labels of syllables if the syllables have some meaning so that they can be stored in the longterm memory as words. Thus, the discrimination performance should be further tested using real words.
Furthermore, future research should be aimed at elucidating how the existence of speech-related features, e.g., frequency components, the structure of harmonics, and amplitude modulation, affects the discrimination performance under the nonisolated condition. It is assumed that the comparison of target syllables under the Speech Condition was disrupted by the carrier sentence because ATP was triggered. Thus, listeners are predicted to be able to use the labels if the sounds preceding the target do not trigger speech processing. In future experiments, the discrimination performance will be further tested under a nonisolated condition that contains less speech-related information than natural speech, but more information than a sinusoidal sound. The continuation of research toward this direction is expected to reveal the key features that initiate ATP and eventually the difference between speech and nonspeech.
Other questions to be answered in future research are as follows. Firstly, it is necessary to test the discrimination performance of stimuli that are more steps apart, e.g., 3 steps or even 4 steps, under the Speech Condition. The further apart they are from each other, the greater the acoustical difference between stimuli. Thus, it is necessary to reveal whether listeners are able to discriminate between paired stimuli that have a greater difference in terms of acoustics. The investigation of this point would clarify whether or not an acoustic difference is detectable by listeners during speech processing. In addition, we should discuss whether listeners are able to use labels when paired stimuli have a greater acoustic difference. Secondly, although a /ra/-/la/ continuum was employed as stimuli in the current experiments, using other parameters in other phonetic categories, e.g., rise time and the voice-onset time, is also an option. These are points that should be taken into account to further reveal the effects of being nonisolated on the discrimination of syllables.
transitions of the continuum for the main experiment were preferred to be as ''neutral'' as possible so that the F3 transition would be the only cue for the /ra/-/la/ contrast. In the preliminary experiment, ''neutral transitions'' were interpreted to be the transitional characteristics at a particular step in a continuum where listeners' identification judgments become close to the chance level. To find the neutral transitions of F1 and F2, a /ra/-/la/ continuum with simultaneous variations in F1, F2, and F3 was generated. The method of continuum synthesis was identical to that introduced in Sect. 2, except that the F1 and F2 transitions were also changed along the continuum (Fig. A.1 ). Former research [4] revealed that the cue in F1 is temporal whereas the cue in F2 is spectral (Fig. A.1) . Thus, the continuum included variations in the temporal characteristics of F1 and the spectral characteristics of F2. For F1, the starting frequency value was set to 376 Hz on the basis of the data provided by MacKain et al. [5] . For the temporal variation of F1, the time point where the transition started was varied from 10 ms to 55 ms in ten equal steps following Polka and Strange [4] . For F2, the starting frequency was varied from 1,208 Hz to 1,366 Hz in ten steps based on MacKain et al. [5] . For both F1 and F2, the frequency at the onset of the transition and the frequency of the steady state were interpolated linearly during the transition period. The transitional characteristics of F3 were identical to those introduced in Sect. 2.
Using the synthesized stimuli introduced above, we conducted an identification task with five native speakers of English. The results of the experiment revealed that the listeners' judgments became almost the chance level at
Step 6: Step 6 received 55% /ra/ responses and 45% /la/ responses. Thus, the transitional characteristics of F1 and F2 at Step 6 were judged to be neutral. The neutral starting point of the F1 transition was at 35 ms; the neutral starting frequency of F2 at 0 ms was 1,299 Hz. 
